there are also considerable data to suggest differences for immigrant women and women living in poverty regardless of race-ethnicity. [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] Mammography can detect breast cancer that is not otherwise clinically detectable. For this reason, mammography has been broadly implemented as a means to achieve early detection and treatment of breast cancer. 15 However, because mammography is not 100% specific and can only identify suspicious lesions, all abnormal mammogram results require either subsequent imaging or biopsy until the abnormality is defined as either cancer or benign. 16 This additional evaluation must be done in a timely manner in order to avoid delays in cancer diagnosis and to have the potential to achieve the benefits of screening. [17] [18] [19] While there is no definitive definition of the length of time between an abnormal mammogram and resolution that constitutes a delay, there is evidence that more than 3 months between presentation and treatment initiation can lead to more advanced cancer at diagnosis. [20] [21] [22] Additionally, a recent simulation study reported that, with each additional 3-month delay between an abnormal mammogram and subsequent diagnostic testing, the distribution of breast cancers shifted toward a higher stage. 19 Delays in resolution of abnormal mammogram results can cause women psychological distress, including anxiety and depression. [23] [24] [25] Multiple studies have found delays to be common, with estimates ranging from 20% to 40% of abnormal results having delayed follow-up, and have delineated a disparity in which groups experience them: Delays are more prevalent for low socioeconomic status (SES) and minority women than for higher SES and White women. 3, 5, [26] [27] [28] [29] [30] [31] [32] [33] However, examinations of the disparity in follow-up care after an abnormal mammogram frequently emphasize the individual woman, her attitudes, intentions, and follow-up behavior. [34] [35] [36] [37] Two studies have observed that facilities serving vulnerable women have longer follow-up times for abnormal mammogram results. 38, 39 This demonstrates the need to assess processes of care at the facility level that may be contributing to timely or delayed follow-up. While one study has demonstrated a relationship between communication processes and timeliness of follow-up after an indeterminate mammogram result (Breast Imaging-Reporting and Data System-BI-RADS-0), no studies have investigated facility processes of care for more concerning BI-RADS 4 or 5 results and follow-up, 40 or their relationship to disparities in follow-up.
In this study, we examined whether facilities with longer follow-up times for BI-RADS 4 or 5 results serve a disproportionate number of vulnerable women compared with those with shorter follow-up times and further examined facility characteristics associated with longer follow-up times. Secondarily, we assessed whether stage of breast cancer diagnosis was associated with the facility's timeliness of follow-up.
| ME THODS

| Setting and data sources
This study is based on the San Francisco Mammography Registry (SFMR), a research registry of women having breast imaging at mammography facilities ("facilities") in San Francisco and its surrounding counties ( Figure 1 ). 41 we included only the first one in the study period.
| Short vs long follow-up facilities
We aggregated all of the examinations for each facility over the study period and plotted their mean time to follow-up in days. Examining these plots, we found a clear separation in follow-up at 30 days after the index mammogram, with half the facilities achieving biopsy follow-up for at least 75% of abnormal BI-RADS 4/5 mammograms at 30 days (range 75%-95%) and the other half achieving follow-up for less than 75% at 30 days (range 41%-63%). Using 75% follow-up at 30-day cut-off, we categorized each facility as having "short" (≥75%)
or "long" (<75%) follow-up.
| Population served by facility
Using the SFMR database for all women with any type of mammogram during the study period, we measured the distribution of race/ethnicity (African American, Asian, Latino, White) and educational attainment (<high school graduate, high school graduate/ GED, some college, ≥college) for the population served by that facility. From the facility survey, we measured the proportion of the total population served with LEP. We then created three "vulnerable population" measures using a threshold of one standard deviation greater than the mean for all included facilities combined for that measure. 39 The three vulnerable population measures were as follows: minority served (>59% African American, Asian, or Latina women), lower educational attainment served (>18% with <high school education), and LEP served (>36% with LEP). We then combined the three measures to create a vulnerable population served index (0 measures = none; 1-2 measures = moderate; 3 measures = high).
| Facility characteristics and processes
Using the SFMR database for all diagnostic examinations regardless of result, we created a measure of examination volume (diagnostic examinations/week). From the SFMR facility survey, we measured staffing adequacy (number of full-time-equivalent or FTE radiologists reading per week), access (number of days to the next available biopsy appointment), tracking system (commercial integrated electronic vs homegrown spreadsheet or paper system), and communication of results (facility contacts provider directly beyond the report; facility contacts woman directly beyond the required letter;
perception of who is primarily responsible for ensuring follow-up:
facility, referring provider, both).
| Cancer diagnosis
Using the merged SFMR-California Cancer Registry data, we in- 
| Analysis
We examined time to follow-up for short and long follow-up groups using a plot of cumulative percent and compared follow-up rates at 30, 90, and 120 days using chi-square statistics. We then compared facility characteristics, processes, and vulnerable population measures by short vs long follow-up group using descriptive statistics.
Among women with a cancer diagnosis, we modeled the odds of being diagnosed with an advanced-stage cancer according to having the index mammogram at a facility with short-vs long-facility follow-up. We further modeled those odds adjusting for individual characteristics known to be associated with cancer stage at diagnosis, including the woman's age, having a first-degree relative with breast cancer, race/ethnicity, and the number of months from a prior mammogram to the index BI-RADS 4/5 mammogram. In building our multivariate model, we accounted for clustering of patients within facilities, and we assessed the relative fit of model variations by comparing Akaike's information criterion values between models.
We used a mixed effects model specifying facility as the random effect parameter and all other covariates as fixed effects.
| RE SULTS
| Short and long follow-up facilities
Our study sample included 17 750 index mammograms with BI- but remained significant at 60 days (87.1% vs 78.5%; P < 0.001) and at 90 days (88.2% vs 83.7%; P < 0.001). The gap between the two groups was minimal by 120 days, or 4 months after the index mammogram, although the difference remained statistically significant (88.8% vs 85.4%; P < 0.001) (Figure 2 ). At 12 months, 10% of mammograms from short follow-up facilities and 12% of mammograms from long follow-up facilities did not have a documented biopsy in the SFMR.
| Population served by follow-up group
None of the short follow-up facilities met criteria for any of the vulnerable population measures, whereas three of the four long follow-up facilities met criteria for at least one of the measures, with two of those meeting criteria for all three measures indicating that they served a high proportion of vulnerable women (Table 1) .
Within short follow-up facilities, there was no difference in percent with follow-up at 30 days by race/ethnicity (82% overall).
However, within long follow-up facilities, Black/African American women had the lowest percent with follow-up at 30 days, followed by Chinese women (53% Black, 60% Chinese, 65% other Asians, 64%
Latinas, 64% White; P = 0.03). Those with the lowest educational attainment (<high school) had a similar rate of follow-up to the over- 
| Facility characteristics and processes
The long follow-up facilities, on average, had lower volume of diagnostic examinations as well as fewer radiologists available to read those examinations, and a higher volume/FTE ratio than the short follow-up facilities ( Table 1 ). The long follow-up facilities also reported longer waits for a biopsy appointment. While all but one of the eight facilities used a commercial tracking system, the two follow-up groups differed in their approach to communication. All short follow-up facilities, but only two of the long follow-up facilities, reported that in addition to the legally mandated result letter, they contacted women directly to inform them of a BI-RADS 4 or 5 result. While long follow-up facilities reached out to the referring provider after a woman's BI-RADS 4 or 5 result, they also perceived that the referring provider had equal or greater responsibility than the mammography facility for ensuring follow-up was completed. By contrast, three of the short follow-up facilities perceived that the responsibility lay primarily with the mammography facility and not with the referring provider.
| Cancer diagnosis
There were 3099 cancer diagnoses in the 12 months following an index mammogram during the study period (Table 2) 
| D ISCUSS I ON
We her attitudes, intentions, and behavior. [34] [35] [36] [37] However, the association we have found that vulnerable women are more likely to receive care from mammography facilities with long follow-up belies the belief that the burden for timely follow-up lies with the woman alone. Our findings highlight the need to improve care delivery and communication at the level of the mammography facility.
While there have been some successful interventions to decrease delays, these have largely focused on patient navigation in an attempt to address individual barriers to follow-up. 46 proximity, or other factors. We were not able to examine these factors in our dataset. Additionally, it is possible that a woman who had an index mammogram at one facility subsequently had her biopsy at another. While we were not able to capture biopsies performed outside of our eight facilities, we were able to capture biopsies done at any of the eight facilities included in the study regardless of the facility in which the index mammogram was performed. Finally, the time frame of our study only included the first years of the Affordable Care Act (ACA). Under the ACA, more traditionally underserved women have established primary care and now receive preventive services such as mammograms. 52 This influx of newly insured women may have directed low SES women to both short and long follow-up facilities;
however, if the long follow-up facilities do not have the resources to enhance their staffing, access, and communication capabilities, this could potentially worsen rather than lessen disparities.
In conclusion, we found that in our sample of mammography fa- 0625301) and the Breast Cancer Surveillance Consortium with funding from the National Cancer Institute (PO1 2CA154292).
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